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Executive Summary

Ridesourcingridesharing ridehailing, andtransportation network companiesare the terms used to
describe companies that provide prearranged anddemand transportation services in which drivers
and passengers connect using smartphagplications. The two most common ridesourcing companies
in the United States are Uber and L_ydver the past decadéhese companiehave experienced dramatic
growth, and thereis currently limited understanding of how people are using rdesingservices and
how they are affecting urban transportation systenhs particular, most prioreseart to date has
focused on large metropolitan areas where ridesourcing has been in service the loRggsarch to
understand users in and the impacts of ridesouramgmaller citiesnd statess not as extensivelhis
report begins to address this regeh need by conducting a detailed study of ridehailing users in the state
of TennesseeTodo this, tiree research objectives were set forth, which are as follows:

1 Objective 1:Understand the use of ridesourcing in Tennessee and capture overall adoatesof
ridesourcing in the state.

9 Obijective 2 Investigatehe demographics and chegs of ridesourcing users.

1 Obijective 3 Assess the effects of ridesourcing on existing urban transportation systems.

To fulfill these objectives, three-part method was used, and the results are briefly described in the
following paragraphs.

1. Comprehensive Literature Reviean Ridesourcing in North America
First, a comprehensive literature review was conduaied4 studies from North Americahe results
of the literature review reveasix mainridesourcing usefocused categoriet the prior research
demographics; frequency and time of use; trip purpose; reason for using ridesourcing services;
relationship betveen ridesourcing and other modes; and transportation system impdbesprior
researchpertaining to demographics revealed that ridesourcing users are likely younger with higher
incomes and education levels, are fiifhe students or employed, and live urban areasSimilarly,
most ridesourcing trips occur on weekends and at night, with the most common trip purpose being
for social eventsAdditional findings are summarized in Chapter 2 of this report.

2. Analysis othe 2017 National Household Travel gty (NHTS)

Next, statistical andysisof the demographics of ridésrringuserswas conductedt the state, census
division, and national level usinge 2017 NationaHousehold Travel Survey (NHTS)e results of
the NHTSanalysis reveald that those whohave purchased a ride with a rideshare ap@ennessee
tend tohave higher income leveléve in urban aregdbe from smaller householgdandare employed
While these results generallyalign with the findings irthe previous literature, there were fewer
statisticallysignificant socioeconomic characteristics at the state legetompared to the regional
and national levelmaking trendssomewhatmore difficult to identify for Tennesseddditional
findings are summazed in Chapter 3 of this report.

3. Survey of Ridehailing Users and Nalsers in Tennessee
Detailed survey data about ritiailing were collected in 2019 fothree metropolitan regions in
Tennessee: Knoxville, Nashville and Memphie survey resultwere used to propose aidehailing
user typology based on socioeconomic, attitudinal, and neighborhood preference variables. Four
distinct user and notuser types were identifiedyoung urban local userswealthy travelers
tagalong users andnon-users The fist type is comprised of those who use rd@ddlinglocally; they




are typically youngerhavehigher incomes, and use rideurcing primarily for social purposebhe

second type includes those who usdehailingwhen traveling; these users tend to be slightly older

and have higher education and income levels. The third type includes those who ride with
FNASYRAKTFIYATET (KSé& G4SYyR (G2 0SS @&2dzyISNE TFSYI £ S
dza S NE& ¢ bdtRis gRoGpa TheNfdurth and largagibupis nonusers theytend to be older, live in

rural areas, and have lower income levéldditional findings from this survey can be found in Chapter

4 of this report.

Based on the results of this reseaythe followingthree recommendations were made

1. Assess and standardize ridesourcing terminology
As is evidentrom this report, many different terms are currently being used to describe@mand
ride services provided byompanies such as Uber and LyRecenly, the Society of Automotive
Engineers International (SAE) set forth guidance that recommends using the term ridesourcing.
However, this term does not appear to have widespread recognition from usessssing whicterm
is most recognible tousers(particularlyin Tennessegand thenconsistently using thatrminology
is recommended.

2. Collect, compare, and improve ridesourcing survey questions
Another recommendationis to collect, compare, and improve ridesourcing survey questions
particularly within the state of Tennesse€Eo more easily compare national surveys such as NHTS with
local surveysonducted in Tennesse¢here should be consistent questiomording. If numerous
existing questionnaireasking about ridesourcingre assembled, they could be used dreate a
ridesourcing survey question databa3dis has been done at the national level for bikeshare survey
guestions, which could be used as a model.

3. Applygood curb space management principles in targeted locations
Based on the useand nonrusertypologyproposed in this reportthere are twoprimary markets of
ridesourcing userim Tennessethat should be considered in local curb space management desision
Young, urban local userare likely to make trips to locations with lots of restaurants, bars and other
social venues, which are often concentrated in downtown areas. Similarlyyeaéhy travelers
group will likely make trips to the airport, convaon centers, and hotels. Higher volumes of
ridesourcing piclups and dropoffs will be experienced at these locations, which necessitates good
curb space management principles, sucldadicated loading zones and increased signage.
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1 Introduction

1.1Background

Ridesourcingridesharing ridehailing, and transportation network companiesare the terms used to
RSAONAR OGS 02 YLI ypke&rangedil Kseriices) B -@einBn8 trasportation services for
compensation in which drivers and passengers connect via digital appliéat®hiE, 2018)'hese on
demandd S NI ad@fexibilitst to rideshare arrangements by allowing drivers and passengers to arrange
occasional shared rides ahead of time or on short nbt{éeney, Attanucci, & Mishalani, 201Ber
guidance from Society of Automotive Engineers International (SAE), the term ridesourcing ugéd
throughout thisreport, except when describing results from a study or describing responses to survey
guestions that use one of the other terms previously listed.

The two most common ridesourcing companies in the United States are Uber and Ligft, wh
launched in 2009 and 2012, respectivéBlystone, 2019; Greiner, McFarland, Sherman, & Tse, 2019)
Ridesourcing is rapidly growing in popularity across not only the United States, but the entire world, with
both Uber and Lyft completing one billion rides within their first six yearseofie (Lyft, 2018; Uber,
2018) Given the dramatic growth dhesecompanies over a very short time, there is currently limited
understanding of how people are using ridescing services and how they are affecting urban
transportation systemdn particular, nost priorresearch to date has focused on large metropolitezes
where ridesourcing has been in service the longBssearch to understand users in and the impacts of
ridesourcingn smaller citiegnd stategs not as extensiv&.hisreport begirsto fill this gap in theesearch
by canductinga detailed study of ridehailing users in the state of Tennessee.

As noted in the previous paragraphdesourcingservices are provided by privatebperated
transpatation network companie§TNCs)such Uber and Lyfflhese companies are ofterluctart to
share their data with external organizatioWghile some limited progress has been made to facilitate data
sharing, there are currently very few publicly available ridesourcing datasets outsidenaflanumber of
large metropolitan areas like New tkaCity andChicag (Chicag@2021; TLQ021). In light of the limited
availability of ridesourcing datahis studyinvestigategidesourcing in the state of Tennesseengshew,
surveybased datasetsThe specific objectivas this reportare discussed in the followirspction

1.2 Objectives

The overarching goal of this projegasto inform the Tennessee Department of Transportation (TDOT)
about use of ridesurcingthroughout the state. To achieve this goal, tee specificobjectiveswere set
forth, which are as follows:

1 Obijective 1 The frst objective wa to understand the use ofdesourcing in Tennessee andpture
overall adoptionrates of ridesourcingn the state. A special emphasisasplaced on understanding
utilization levels in large metropolitan arease(, Nashville, Memphis ah Knoxville), since
ridesourcing services have been availdbldongerin these areas.

1 Obijective 2 The second objectiwwas to understand the demographics and ates of ridesourcing
users. This includedentifying (a) the demographics of ridesourcing users; (b)ghgosesfeasons
they are traveling (e.g., to the airport, to social activities); and (c) why they are choosing ridesourcing
(e.g., attitudinal factors).

1 Objective 3 The third objective wa to assesshe effects of ridesourcing on existing urban
transportation systems.For example survey data wre used to assesswhich mode(s) of
transportation ridesourcing users haveplaced (e.gtaking aridesourcingrip instead oftransit).



1.3Scope of Work
The scpe of workfor this projectwas divided into five parts, which are briefly described belo

1

Part 1: Reviewof ridesourcingrelated literature and reports

First a review of prior work related to ridesourcing was conductdgkecauseidesourcing is rapidly
growing transportation mode, new studies and reports are published on a regular basis, both in
academia and in industry. In light of this fastced environment, a comprehensive literature mwi

was conductedand the esultsare presented in Chapter.2

Part 2: Analyze new National Household Travel Survey (NHTS) rideshare questions

In the second part of the project, the most recent (2017) National Household Travel Survey (NHTS)
was used to assess rideshare usage in the stafeenhesseeln the latest NHTS questionnaite,o

new survey questions were added that pertain to ridesharjngotably, these survey questions
specifically used the termdesharing(not ridesourcing) These new questionwovide baseline data

about rideshare use across Tennessee amele compared toNHTSegional andhationwide statistics

The results are presented in Chapter 3.

Part 3: Collect and analyze detailed ridailing surveydata for Tennessee

While the NHTS providdsaselinedata, it does not mclude highly detailednformation about
ridesourcing users, which was necessary to fulii project objectives To conduct a deeper dive,
detailed survey data were collected in three metropolitan areas (Nashville, Knoxville, and Memphis)
by a San Frasisco-based company called Populus Technologies,, Imhich has experience
conducting similar surveys throughout the countihe raw survey data were purchased by the
research team and analyzed tonducta detailed assessment for Tennessee. Notably, shisey

used the ternridehailing (not ridesourcing)The results are presented in Chapter 4.

Part 4: Compare the twgurveydatasets for Tennessee
The findings for Tennessdmom the two datasets (te NHTSn Part 2 and the Populisirveydatain
Part 3 were summarized and comparethis is presenteth Chapter 5

Part 5: Write summary and recomendations
Theresults of all parts of this project were compiled into this final report, Bngortant areasfor
future research and recommendatiofisr TDOT wer&entified. Thisis presented in Chapter.5

1.4 Structure of the Report

Thereport is organized as follows. Chapter 2 providesatensive literature review onidesourcing in
North America. Chapter @resents the results dhe 2017 National Household Travel Sureewlysis for
Tennessee Chapter 4 describethe results of Populs Tetinologies, Inc. survey analys{Shapter 5
presentsconclusionsareas forfuture researchand recommendationsAdditional analyses are included
in the Appendices.

The structure of the body of the report is summarizedTable 1on the following page. T#i

presents a highevel comparison of the different data sources, dates, terminology (ridesourcing vs.
ridesharing vs. ridehailing), location and methods used in each chapter.



Tablel-1: Summary of Data,ddes, Terminology, Location and Methddghis Repor{Chapters 24)

Chapter |Data ®urce Collection Date Terminology Location Methodology
Studies . . Varied from study to
Previous published Rldgsourcmg study; mostlynational . .
Chapter 2|, . (whichever term used ’ ' |Literature Review
Literature between 2015 | . state, and large
in eachstudy is used) .
and 2020 metropolitan areas
National Summary
Household . . National Census Statistics
Chapter 3 Travel Survey| 20162017 Ridesharing Division, State Binary Logit
(NHTS) Model
Survey from Summary
Populus . o Knoxville, Memphis, an{Statistics
Chapter 4 Technologies, 2019 Ridehailing Nashville, Tennessee |Multinomial Logit
Inc. Model




2 Literature Review

This chapter providesa systematic review of the studies and reposgbout the travel behavior of
ridesourcing userfocusing on studies published in North Amerithaechapteris organized as follows:

first, the review methodology is laid out, then an overviefthe results of the comprehensive review are
described followed by an idepth description of the six main categories relating to ridesourcing users.
These include demographics; frequency and time of use; trip purpose; reason for choosing ridesourcing;
relationship between ridesourcing and other transportation modes; and transportation system impacts.
Thischapterconcludes with areas for future research and a summary.

2.1Method for the Literature Review

This section provides a brief description of the method used to conduct the literature réMi@nprimary

search engine was Google Scholar. The key words searched to find articles included ridehailing,
ridesourcing, ridesharing, transportation network cpamies, Uber, and Lyft. This resulted in roughly 250
papers. The selection was narrowed further by only including papers published after 2009 when
ridesourcing companies entered the American market. Only sources with a study area in the United States
or Canada were then selectedince these were deemed most relevantfDOT The studies also had to
pertain to the users of the ridesourcing services or the transportation system usage impacts. Studies that
focused on regulation, environmental impacts, andibass models were not selected because this paper

is focused on traveler demographics and behaviltrshould be noted that the research team identified
onerelevantpublished literatureon ridesourcig (Tirachini, 2019)This prior studyad some overlawith

the literature review that follows; however, tonsidered many international studies and some topics
beyond the scope of thieport.

2.2Results of the Literature Review

A total of 44 journal artiels and reportsrbm 2015 to 2020 were included in this review, and the results
are summarized imMable2-1. As shown inTable2-1, one article was published in 2018hree were
published in 2016four were published in 2017, 15 were published in 2018 were published in 2019,

and eightwere published in 2020 (through May 2020). The increasing frequency of publications reflects
the growing interest of researchers in this important and expanding field.

The location of each study édsoprovided inTable2-1. Of the 44 articles and reports, 16 had a
study area of the United States or multiple major cities across the United States. Nine studies used state
level data, with four of these being in California. The remaining 19 studies focused on spasfiSeiten
studies investigated cities in California; specifically, five in San Francisco and two in Los Angeles. New York
City was the focus of five studies while Toronto was used for two additional studies. Denver, Chicago,
Philadelphia, and Dallas wesach the subject for one study. The final report looked at many cities around
the world; however, for the purpose of this literature review, only the cities in the United States and
Canada were used in the findings.

Next, the studies were categorized baseth key topics pertaining to the travel behavior of
ridesourcing users. The categories that were identified included demographics; frequency and time of
use; trip purpose; reason for using ridesourcing; relationship between ridesourcing and other matles; an
transportation system impacts. The most frequently studied category within the literature was
demographics, and results relating to ridesourcing user demographics were reported in 23 studies, as seen
in Table2-1. Freguency and time of use results were reported in 14 studies. Nine studies included trip
purpose. Reasons for using ridesourcing was analyzed in six studies. The relationship between
ridesourcing and other modes of transportation was investigated in 16 esudiransportation system
impacts were discussed in 18 studiEsch category isstussed in more detail in the following sections.
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Table2-1: Distribution of Papers and Reports by Year and Topic

Author

(MADD2015)

Other
Modes

Frequency
and Use

Location ‘Demographics Trip REERR

Purpose
United States -

2016

(Circella, Tiedeman, Handy,
Alemi, & Mokhtarian, 2016)

|
|
I

(Rayle, Dai, Chan, Cervero,
Shaheen, 2016)

(Smith, 2016)

United States ]

2017

(Clewlow & Mishra, 2017)

(Henao, 2017)

Denver

(Mahmoudifard, Kermanshat
Shabanpour, &
Mohammadian, 2017)

Chicago

(Schaller, 2017)

United States ]
I
]

New York

2018

(Alemi,Circella, Handy, &
Mokhtarian, 2018)

California

(Brodeur & Nield, 2018)

New York

(Castiglione et al., 2018)

San Francisco

(Chu, Hamza, & Laberteaux,
2018)

United States

(Circella, Alemi, Tiedeman,
Handy, & Mokhtarian, 2018)

California

(Cooper, Castiglione, Mislovi
& Wilson, 2018)

(Feigon & Murphy, 2018)

United States

(Gehrke & Reardon, 2018)

Massachusets| | | | | |

(Gehrke, Felix, & Reardon,
2018)

Massachusetts

2019

System Total
Impacts Studied

3

w N R NN B NIWwiN| & N

HRIADN

(Z(gig;e Konduri, & Eluru, New York 3
(Hall, Palsson, & Price, 2018United States | | 2
(Lahkar, 2018) Virginia ] 1
Lee, Jin, Animesh, & .

I(:zamaprasa d, 2018) United States - 2
(Schalle, 2018) United States 3
(Bischak2019) Texas 2
(Brown, 2019) Los Angeles 2
(Deka & Fei, 2019) United States 2
(Erhardt et al., 2019) SanFrancisco| | | e e
(Felix & Pollack, 2019) Massachusetts 1
Grahn, Harper, Hendricksor| | .

Egian, & Matfhews, 2019) Uniied States 1
(Habib, 2019) Toronto 2
(Joshi, Cowan, Limone, Major Cities 1
McGuinness, & Rao, 2019) |Worldwide

(Lavieri & Bhat, 2019) Dallas 3
(Mitra, Bae, & Ritchie, 2019)|United States ] 1
(Sikder2019) United States 1
(Sturgeon, 2019) San Francisco 1
(Young & Farber, 2019)  [Toronto H ] 1
(Zheng, 2019) New York 2




Table 216 02 y (i A Pisz®Riohbf Papers and Reports by Year agic

(Bansal, Sinha, Dua, &

Daziano, 2020) United States
(Brown, 2020) Los Angeles
(Dong, 2020) Philadelphia

(Fulton, Brown, & California

R IN| (NN P

5 Compostella, 2020)
Y |Jiao, Bischak, & Hyden, 204United States
N . . .
(Qian, ki, Xue, Lei, &
Ukkusuri, 2020) Manhattan
(Sabouri, Brewer, & Ewing, .
2020) United States 1
(Sabouri, Park,nith, Tian, & .
Ewing, 2020) United States 1
Total Number of Studieper Topic 23 14 9 6 16 18 86**

*Studies published through May 2020; does not include June to December 2020. **Studies counted more than once.

Note: Adapted fromd [ A 1 SNJ 1 dzZNE wS@ASé 2y wARS&aA2dzNOAY3I ! aSNEQ ¢




2.2.1 Theme 1Demographics of Ridesourcing Users
The demographics of ridesourcing users was one of the six topics identified in numerowsytties. Of
the 44 studies, 23 (52%) contained results pertaining to the demographics of ridesourcingNeseriset
al., 2018; Bansal et al., 2020; Brown, 2019, 2020; Chu et al., 2018; Circella et al., 2018; Circella et al., 2016;
Clewlow & Mishra, 2017; Deka & Fei, 2019; Dong, 2020; Feigon & Murphy, 2018; Felix & Falldck
Gehrke et al., 2018; Gerte et al., 2018; Grahn et al., 2019; Jiao et al., 2020; Lahkar, 2018; Mahmoudifard
et al., 2017; Mitra et al., 2019; Sabouri, Park, et al., 2020; Schaller, 2018; Smith, 2016; Young & Farber,
2019) These studies are summarizedTiableAd4-1 in the Appendix

Commonly considered demographic characteristics include age, householchénaducation
level, location of home, employment status, race, and gender. Age was evaluated in 18 of the 23 studies
(78%), and the results revealed that the most common generation using ridesourcing was millennials.
People born between 1981 and 1996 amnsidered millennials; currently this generation is between the
ages of 24 and 3@imock, 2019)Household income was addressed in 14 studies; the results indicated
that ridesourcing users generally had higher income levels. Nine studies considered education level among
ridesourcing users, and eight of those concluded that ridesourcing users waietti have a higher level
of education. The eight studies relating to location found ridesourcing usage occurred more frequently in
dense, urban areas. Six studies evaluated the employment status of ridesourcing users, and the findings
generally indicatd that users were employed (either fubbr parttime) or were students. Six studies
presented findings related to race, with several of the studies concluding that many ridesourcing users
were white. Gender was a focus in just four studies; these condltitEt males were more likely to use
ridesourcing services than females.

2.2.2 Theme 2Frequency and Time of Use of Ridesourcing

Frequency and time of use of ridesourcing was evaluated in 14 (32%) Bdiesak, 2019; Brown, 2019,

2020; Circella et al2018; Cooper et al., 2018; Deka & Fei, 2019; Feigon & Murphy, 2018; Gehrke et al.,
2018; Gerte et al., 2018; Lavieri & Bhat, 2019; MADD, 2015; Rayle et al., 2016; Schaller, 2017; Smith, 2016)
These studies are summariziedTable A-2 in the Appendix.

Commonly considered frequency and time of use characteristics include time of day, day of week,
how often ridesourcing was used, trip length, and time of year. Eight of thieskies contained findings
related to the time of day that ridesourcing was used; the two most common times were during commute
hours and late at night. Six studies considered which day of the week ridesourcing was used most
frequently; five of those studs found that the weekends were the days with the highest demand for
ridesourcing services. Five studies looked at how frequently ridesourcing services were used; these studies
found different percentages, which makes it difficult to draw consistent cmimhs. While one study
found that 66% of respondents used ridesourcing at least once a week, another found that 84% of
respondents used it a few times a month or even less frequently. These disparities may be due to the
studies being completed in differeareas of the country or for different geographic areas, such as a city
versus a state. Two studies considered trip length. One found the average ridesourcing trip length to be
between 2.2 and 3.1 miles while the other found that shared ridesourcingwiges one mile shorter on
average than regular ridesourcing trips. Finally, one study reported on seasonal changes in ridesourcing
use and found ridesourcing to be used more in the winter and less in the summer, as compared to spring
and autumn.

2.2.3 Theme 3Ridesourcing Trip Purpose

The next category identified in the literature review pertained to the trip purpose of ridesourgirey.
typical trip purposesvere found inthe literature: going out or social events, to from the home, work trips
and commuting, other, and to and from the airport. These studies are summariZeablaA4-3 in the



Appendix.

TableAd-3reveals that nine studies (20%) contain conclusions broadly related to ridesourcing trip
purpose(Bischak, 2019; Erhardt et al., 2019; Gehrke et al., 2018; Habib, 2019; Henao, 2017; Lavieri & Bhat,
2019; MADD, 2015; Mahmoudifard et al., 2017; Rayle et al., 20Ai8¢ of the studies found that
ridesourcing was commonly used for rasork or social events. Three studies focused on trips to and
from the home; two of these studies reported that ridesourcing was more likely todgtoseturn home
while the third study foundhat more ridesourcing trips were used to leave rather than return home. Two
studies considered ridesourcing for travel to/from the workplaoel found that between 13 and 17
percent of ridesourcing trips wer@ssociated with this type of travel. Two studies had findings related to
trip purpose that were categorized as other. The first found that ridesourcing trips were concentrated in
the downtown area while the other found that women were less likely to udesourcing to run errands
than males. One study revealed that 12% of trips ended at an airport.

2.2.4 Theme 4Reasons for Using Ridesourcing

Sx studies (14% of the 44 total studies) considered the motivations that led a traveler to choose
ridesourcing(Circella et al., 2018; Clewlow & Mishra, 2017; Feigon & Murphy, 2018; MADD, 2015;
Mahmoudifard et al., 2017; Rayle et al., 2016hese studies arsummarized inTable A4-4 in the
Appendix.

TableAd-4 identifies commonly considered reasons for choosing ridesourcing: not having to pay
or search for parking, faster travel times, not driving whiteler the influence, ease of payment, wait
time, and other. Difficulty finding parking or the expense of parkag the primary reason for selecting
ridesourcing in three studies. Three additional studies found the important reason for selecting
ridesourcing was shorter travel times since users weiegked up and dropped off directly at their
destinations. Three studies concluded that not driving while under the influence of alcohol or drugs was
the main motivation when travelers opted for ridesourcing. Shorter wait times were an important aspect
of choosing to use ridesourcing services in two other studies. Ease of payment on ridesourcing
applications was a top consideration when choosing this mode of transportation for travelers in one study.

2.2.5 Theme 5Ridesourcing Relationship with Other TranspwotaModes

A total of16 studies (36%) compared ridesourcing services to other modes of transportation to identify
complementary or substitutionary relationshig€hu et al., @18; Clewlow & Mishra, 2017; Dong, 2020;
Feigon & Murphy, 2018; Fulton et al., 2020; Gehrke et al., 2018; Gerte et al., 2018; Habib, 2019; Hall et
al., 2018; Lavieri & Bhat, 2019; Lee et al., 2018; Mahmoudifard et al., 2017; Schaller, 2018; Sikder, 2019;
Surgeon, 2019; Zheng, 2019)hese studies are summariziedlable A-5in the Appendix.

As seenn Table A-5, the other modes of transportation compared to ridesourcing were taxi,
public transit, personal car, and other. Eleven studies examined the relationship between ridesourcing
and public transit Of the 11 studies, 5 found a complementary relationship, 5 found a substitutionary
relationship, and the final study found no clear relationship. Five studies investigated the relationship to
personal vehicles, and three of them found the relationshifpéosubstitutionary. One study found that
ridesourcing was a substitute for taxis.

2.2.6 Theme 6Ridesourcing Trip Purpose

A total of18 studies (41% of the 44 total studies) had findings related to transportation system impacts
(Alemi et al., 2018; Brodeur & Nield, 2018; Castiglione et al., 2018; Circella et al., 2016; Cooper et al., 2018;
Erhardt et al., 219; Gehrke & Reardon, 2018; Hall et al., 2018; Henao, 2017; Jiao et al., 2020; Joshi et al.,
2019; Lee et al., 2018; Qian et al., 2020; Rayle et al., 2016; Sabouri, Brewer, et al., 2020; Schaller, 2017,
2018; Zheng, 2019As ridesourcing continues to grow in popularity and presence around the United



States, it is important to understand how it is impacting the current conditions of roadWhgse sidies
aresummarized irmable A-6 in the Appendix.

Table A-6 delineates themost consideredmpacts, including vehicle miles traveled (VMT) or
additional miles, additional trips or total trips, additional vehicles on the roadway or congestion, vehicles
hours of delay or changes in speed, and other. Eight of the studies contained findings broadly related to
vehicle miles traveled. Two of these Vi€Tated studies analyzed additional miles added by ridesourcing;
these two studies found that ridesourcingudd account for an additional 600 million to 5.7 billion miles
every year across the United States. Five studies examined additional or total trips taken by ridesourcing
users; one noteworthy study from New York &ised Schaller Consulting found thaétle was a net 31
million trip increase after accounting for decreases in other cab and car services oyeaaf&riod in
New York CitySchaller, 2017)5ix studies looked at additional vehicles on the road and/or ¢hgestion
impacts of ridesourcing. In general, most of these studies found that ridesourcing vehicles increased the
number of vehicles on the road and had the potential to increase congestion. Similarly, four studies
examined vehicle hours of delay (VHD@dhe speed impacts of ridesourcing; notably, all four studies
found that ridesourcing resulted in congestion and a decrease in speeds in their respective study areas.
¢tKNBS &dGdzRASE O2y&aARSNBR a20§KSNE NI o deadhadding i A 2 y
vehicle hours traveled, and parking availability.

2.3Conclusions and Future Research from the Literature Review

The rapid growth of ridesourcing services in North America over the past ten years has led to a large
research focus on thgervices provided as well as the travelers using them. Since this area of research is
constantly changing, the objective of tltisapterwas to provide a comprehensive literature review of the
latest research and summarize findings relating to ridesoungéegs and their travel behavior. Foifiyur

studies on ridesourcing were reviewed for this paper. After reviewing the papers, six common categories
of research were identified: demographics; frequency and time of use; trip purpose; reason for using
ridesaurcing services; ridesourcing versus other modes of transportation; and transportation system
impacts. While there were some differing results in these studies, general toamdse summarized and

are shown inFigure2-1.



——{"Theme I Demographics }

uRidesourcing users tend to be younger, have higher incomes, higher education
levels, and are urban dwellers.

eme <. Frequency an Ime o1 Use y

wMost ridesourcing trips are taken on weekends at night.

eme 3: Trip Purpose }

wMost common ridesourcing trip type is for social purposes/going out.

eme 4. keason ¥

uRidesourcing users do not want to drive under the influence, have difficulty with
parking, or long travel times.

eme o. kelatonsnip wi er ivioges |}

uRidesourcing can substitute for both taxis and personal vehicles.
eme 6: Transportation System Impacts }

uRidesourcing can increase VMT and potentially add additional vehicles to the
roadways.

b238SY ' RILWSR TNBY a[AGSNI Gdz2NB wS@BASs 2y wARS&2dzNDAYy3 ! aSNAQ
Figure2-1: Summary of Literature Review Findings by Theme

In terms of demographics, numerous studies found that ridesourcing users were often those who
were younger (17 of 19), had higher incomes (12 of 16), and had obtained sanee édycation (10 of
10). In terms of frequency and time use, ridesourcing trips were commonly taken on the weekends (7 of
9), especially at night (6 of 6). Social activities were the most common trip purpose for ridesourcing users.
The most common reasorier using ridesourcing were to avoid driving under the influence, to avoid
expensive or difficult parking situations, and to have shorter travel times. The most common modes to be
compared to ridesourcing usage were public transit, personal vehiclestaanchowever, there were
mixed results on whether these were substitutes or complements, especially for public transit. Lastly,
some transportation system related studies found ridesourcing increased VMT and number of vehicles on
the roadways; however, #re were too few studies to have conclusive findiagardingthe impacts.

These six main categories related to ridesourcing user travel behavior are interrelated. For
example, this can be seen with the frequency and time of use, trip purpose, and reategsries. Most
trips were taken on weekends and at night, which is a common time for social events and going out to
restaurants and bars. It is common for alcohol to be consumed during these types of social events, which
could result in ridesourcing tv@lers wanting to avoid driving under the influence. There is also a
relationship between transportation system impacts and the relationship between ridesourcing and other
modes. VMT could increase when examining the substitutive relationship betweerouidésy and
personal vehicles, especially when considering deadheading.

It is important for transportation system planners and poliegtkers to understand who is using
ridesourcing and how they are using it. For example, if planners and podikgrs are looking at trip
purpose and find that most people are using ridesourcing to travel downtown to go to bars and
restaurants, they may want to implement curb space management strategies. Further understanding of
when these trips are being made (e.grimarily on weekends) could potentially change curb space
management decisions, since ridesourcing loading zones may only be needed on weekends rather than
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all week. Similarly, if planning and politykers are in an area with an airport and find thaany of the
ridesourcing trips are to and from the airport, they may want to work with airport authorities to create
better curb space manage pick up and drop off locations for ridesourcing, as well as allocate space for
ridesourcing vehicles waiting toghi up usergMandle & Box, 207).

Based on this research, general trends are emerging about the travel behavior of ridesourcing
users. These trends help form a clearer image of who is using ridesourcing and how their behaviors are
impacting transportation systems. This review Bralibstantial evidence for both demographics and the
frequency and use of ridesourcing. However, some of the six categories are not as commonly researched
and, therefore, present areas for future research. The two categories with the fewest number @sstudi
are the reason behind selecting ridesourcing and the trip purpose when using ridesourcing. Although the
relationship between ridesourcing and other modes is more commonly studied, the results do not show
a clear trend, especially for public transit. & research should be conducted in this area to clarify the
relationship between ridesourcing and public transit. Another area for future research should be an
increase in studies regarding transportation system impacts so that results may be complaasbkbe
majority of the studies focused on the United States as a whole or individual large American cities, most
of which are on the coast. Focusing research on smaller cities as well as more rural areas may render
different results than those for nathal studies and major cities. For plannepslicy makersand
transportation system managein Tennessegit is important to understand who igsingridesourcing
services in their region, whiahill be the focus of the following chapters in this report
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3 National Household Travel Survey (NHTS) Ridesharing Analysis

In the most recent National Household Travel Survey (NHTS), administered in 2017, there were two
guestions askedor the first time thatpertain to ridesharingThe objectiveof this chapter is taise the

new 2017 NHTSjuestions about ridesharéo evaluate if there are significant differences between
Tennesseand national ridesharing socioeconomic characteristittsshould be noted that the term
GNARSAKI NS¢ gHTS quesiiobridire2ayid siib&e§uertily, that term is used throughout this
chapter. This chapter proceedsas follows. First, a description of the data and noethof analysis is
provided next. Nextthe resultsof the NHTS analysise presented. This is foll@ed byconclusions and

areas for future research.

3.1NHTS Data and Methodology

3.1.1 Assemble 2017 NHTS Data
The 2017 National Household Travel Survey (NHTS) data consists of four datasets: household, person,
vehicle, and trip. These datasets, along with the SHbdebook, were downloaded from the NHTS
website(ORNL, n.d.)The questions used in the twahase survey were downloaded from the Recruitment
Survey and the Retrieval Questionnaire files. The NHTS took 14 months to collect all responses beginning
March 31, 2016 and ending May 8, 2QWestat, 2019) The survey was given in two parts, the first being
the household recruitment suey and the second being the retrieval questionnaire. The household
recruitment survey was filled out by a single member of the household while the retrieval questionnaire
required responses from all members of the household.

There were two questions related to ridesourcing in the 2017 NHTS. The first question was found
AY GKS NBONHA GYSyYy( & dedB&wcdor ddesPape sach as Sher/ltRfget fidrd dz dza S
LX F OS (2 LI I OSKé¢ gAlK B Bnesidiwedk, aNddimad § dadhth, adeB A y 3 F
times a year, or nevgtJSDOT, 2018This question ishown inFigure3-1. Sincehis question was asked
in the household recruitment survethis question was only answered by one person in the household
resulting in 129,696 responses nationwide.

1. How often do you use each of the following to get from place to place?

A few times A few times A few times
Daily a week a month ayear Never
Walk O O O O O
Bike L L L] L L
Personal Vehicle (Car/Truck/SUV) O | O O Il
L?Ozrs/i;vfltce or rideshare such as O 0 m m m
Bus O | O O O
Train/Subway I | ] ] ]
Paratransit D |:| |:| D D
Figure3-1: Taxi or Ridesharirfgrequency of Use @@stionfrom NHTSRecruitment SurvefUSDOT,
2018)

Thesecond question found in the retrieval questionnawasy &Ly GKS LI &G on RI
GAYSa KIFI @S @2dz LIZNOKIF&ASR I NARS gAGK F aYlFNILK2YyY
NBalLlyasSa 2F L R2y Qi Y263 (Westat, POBS¥TSidNJuestbrivas dsked | y & 4 S N
for each member of the household resulting in 264,234 responses nationWideshown irFigure3-2.
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RIDESHARE
Range: @ - 99
ProgrammerNote: Asked if subject is at least 16 years of age

In the past 30 days, how many times [SHAVE_YQU] purchased a ride with a smartphone rideshare app (e.g. Uber, Lyft, Sidecar)?

WEB ATEXT CATI ATEXT AVALUE
ENTER NUMBER ENTER NUMBER

| don’t know DON'T KNOW

| prefer not to answer | REFUSED

Figure3-2: Ridesharing App Usage over the Past&@sbom NHTRetrieval SurvefWestat, 2018)

Using the NHTS 2017 codebook, several demographic variables were selected in the person
datasets. These variables included: household size, number of householdesgehinputed age,
educational attainment, employment status, household income, Hispanic origin, medical condition
making it difficult to travel outside of the home, race, imputed gender, and residential area type. Imputed
age and gender are provided by tN&ITS when certain answers were left blank, including age and gender,
and put into the NHTS dataset as separate variables. Cross Tabulations were run to compare the responses
for both age and gender compared to the imputed age and gender and there viaslittinge between
the two. The imputed age and gender were selected for the following analysis because these were the
variables used in the weighting praasfRoth, DeMatteis, & Dai, 2017)

The NHTS data were compiled for both ridesharing questions and the selected demographic
variables. For the question relating to the frequency of use of taxi and/or ridesharing, the person dataset
and the household dataset were combined since tjigstion was only provided in the household dataset
and the remaining demographic information was found in the person dataset. For the ridesharing app
guestion, all variables were in the person dataset. After compilation, the data were further clearstd. Fir
the three samples of interested were determined to be Tennessee, Census Division 6 (Alabama, Kentucky,
Mississippi, and Tennessee), and National. The 2017 NHTS weights are significant to the census division
level and the national levgRoth et al., 2017)The 2017 NHTS did not provide state level weights for
Tennessee; therefore, the data at the state level may not statistically representative of the entire state.
The remainder of this paper uséise unweighted data since the focus is on the state of Tennessee;
however, the weighted summary statistics and cross tabulations for the Census Division and National level
can befound in the Apendix.

3.1.2 Calculate Statistics

First, summary statistics werealculated for Tennessee, the Census Division, and the Nation using both

the frequency of taxi/ridesharing use and the ridesharing app questions. The unweighted summary

statistics excluded neresponse entries for each question, resulting in a sample §#@lofor Tennessee,

1,311 for Census Division 6, and 116,089 for the US for the taxi/ridesharing question and 827 for

Tennessee, 2,331 for Census Division 6, and 236,089 for the US for the ridesharing app question.
Next,cross tabulations were then genéea using SPSS with the selected demographic variables

for both the frequency of taxi/ridesharing use and the ridesharing app questions. The unweighted cross

tabulations excluded neresponse entries for all variables, resulting in a sample size of 388&rfioessee,

1,100 for Census Division 6, and 111,809 for the US for the taxi/ridesharing question and 769 for

Tennessee, 2,210 for Census Division 6, and 222,095 for the US for the ridesharing app usage question.
Last, weighted cross tabulations were cddded for Census Division 6 and the US, since the

weights are statistically representative for both the division and national levels. These results are shown

in the Appendix for both the frequency of taxi/ridesharing use and the ridesharing app questibes.
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using the weights, the data included nossponse entries to keep the results statistically representative.

This resulted in a sample size of 7,683,303 for Census Division 6 and 126,322,007 at the national level for
the taxi/ridesharing question anti7,730,127 for Census Division 6 and 301,599,169 at the national level
for the ridesharing app usage question.

3.1.3 Binary Logit Analysis

Six binary logit models were created using STATA. Two models were run for Tennessee (one for the
taxi/ridesharing question and one for the rideshare app usage question), two models for Census Region 6
(again, one for the taxi/ridesharing question and owe the rideshare app usage question), and two
models for the US. First, a binary variable was created for the frequency of use of taxi and ridesharing
question. This variable had values of zero for those who never used taxi or ridesharing services and one
for anyone who used taxi or ridesharing services, regardless of frequency of use. Similarly, for the
ridesharing app question, a ridesharing variable was created. This variable has values of zero for those
who reported not buying a ride from a rideshariagp in the past 30 days and one for those who had.

In these models, household size and number of household vehicles were the only continuous
independent variables, ranging from one to thirteen and zero to twelve, respectively. All remaining
independent vaiables were binary; when the respondent fell into a given category, the value was set
equal to one. For all categories that used binary variables, a reference variable was defined and used as
the reference when interpreting the coefficients. The data usethe modelsvas unweightedexcludes
the nonresponse entriesand has the same sample sizes as the unweighted cross tabuldtlodgls
were also run using the weighted data for Census Division 6 and the national level; these resudts are
included n thisreport, but they areavailable upon request.

3.2NHTS Results

3.2.1 NHTS Summary Statistitsnweighted)

In Tennessee, a total of 24.9% of respondents use taxi or rideshare with 20.2% using a few times a year,
4.0% using a few times a month, 0.7% usirfigvatimes a week, and 0.0% using daily, as seéfigure

3-3. Tennessee has a greater use of taxi and rideshare than its neighboring states in Qé@sgueghut

is below the national figures. At the national level, a total of 32.9% of respondents use taxi or ridesharing
services with 25.6% using a few times a year, 5.6% using a few times a month, 1.4% using a few times a
week, and 0.3% using daily.

"How often do you use taxi services or rideshare such as Uber/Lyft to get from
place to place?"

4.0%
TN igh i
(L;]Z"XS'% ted 20.2% 75.1% m Daily
m A few times a
3.0% week
Census Division 6 18.4% 78.0% A few times a
Unweighted (n=1131) 0 o month
5 6% A few times a
. 0
year
A igh
Us(nflnl"gggg)ted 25.6% 67.1% Never

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Figure3-3: Taxi and Ridesharing Frequency of Use, Unweighted NHTS Responses

14



As seerfigure3-4, 5.1% of Tennessee mendents purchased a ride using a smartphone rideshare app in
the past 30 days. More respondents in Tennessee purchased rideshare rides compared to neighboring
states in Census Division 6 (3.9%). Fewer people in Tennessee purchased rideshare ridedhiaedthe
States as a whole; at the national level, 7.4% of respondents purchased a ride in the past 30 days.

"In the past 30 days, how many times have you purchased a ride with a
smartphone rideshare app (e.g. Uber, Lyft, Sidecar)?"

5.1%
TN (L:]rlvé\glgi?g)hted 94.9%
N 3.9%
nweighied (22331 901% .
1+
USA Unweighted 92.6% 7.4%

(n=236089)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Figure3-4: Rideshare App Usage Over the Past 30 Days, UnweightedRékii@hses

3.2.2 NHTS CrosgabulationdUnweighted)

Before completing the cross tabulations for the taxi/ridesharing frequency of use and ridesharing app
usage, the data was further cleaned and manipulated. All respondents under the age of 18 were removed
from the dataset because @b does not allow those under the age of 18 to create an acc@uher,

2020) Ages were then grouped into five categories: 18 to 24, 25 to 34, 35 to 44, 45 to 54, and 55 and
older. Once the respondents under the age of 18 wermoved, the number of responses for the
educational attachment question (specifically, less than high school and high school graduate) decreased.
These two educational attainment categories were then combined. The NHTS has 11 income brackets that
were futther combined into six brackets: less than $25,000; $25$00999; $50,000 to $74,999;
$75,000 to $99,999; $100,000 to $149,999; and $150,000 or greater. Due to the small number of
responses in some race categoridsnerican Indian or Alaska Native, NatiHawaiian or other Pacific
Islander, and multiple responses were combined with the Other race category. Last, the sample was
cleaned to remove nomesponse entries in the dataset. The A@sponse entries included: appropriate

a1 ALIT L R2 ¥ ptito gnsiv@rgaimd nbt ascakBneds

As seerin Table3-1, the unweightedcross tabulations for thguestiona | 26 2F i Sy R2 &2
Taxiserviceorr®la K NAy 3 G2 380 wardldalulated far TeBnedsgBenkus DivisBKE
and National.

Of those who reported using taxi or ridesharing services; ongéwo-person households were
most frequent. In Tennessee, 35.4% of those who use thes#cesrwere from ongerson households
while only 30.4% of those who never use these services were fronpersen households. Households
with one or two vehicles were found to have the highest percentages amongst those who use taxi or
ridesharing.

The datasuggest that people under the age of 55 were more likely to use taxi or ridesharing
services. In Tennessee, 25.3% of those who use these services were 45 to 54 years old whereas this group
represents just 15.4% of neausers. This trend continues in Tenses for the younger age groups as well:
35to 44 years old (17.2% use and 11.2% do not use); 25 to 34 years old (13.1% use and 8.7% do not use);
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and 18 to 24 years old (4.0% use and 1.7% do not use). Similar trends appear in both the census division
and ndional cross tabulations.

Of those who reported using taxi services or ridesharing, the majority had some form of higher
education. In Tennessee, the most common education level among users of taxi or ridesharing was a
ol OKSf 2 NDa RS 3 NBe§rEe oppolessiBnalldeg@dwaR mizistic@nmen for users at the
census division and national level. In Tennessee, Census Division 6, and the nation, the most common
education level for those who never use these services was some college or an associae degre

The taxi and rideshare users were more frequently employed, with Tennessee having the largest
portion of employed users at 74.7% and the lowest portion of employedusens at 48.3%.

High incomes were common for those using taxi or ridesharing. Inebser, 46.5% (sum of
$100,000 to $149,999 and $150,000 or more) of those who use taxi or rideshare have an annual household
income of at least $100,000 compared to 16.1% of-nsers in Tennessee in these income brackets.

Within the Hispanic category, ttaata show a greater percentage of users than-osers at the
Tennessee and National levels (2.0% users compared to 1. 74samand 7.4% users compared to 6.5%
non-users, respectively).

Similarly, almost 93% of all respondents using taxis or rideshdmingt have a medical condition
that makes it difficult to travel. Those who do not have a medical condition account for 85 to 90% of all
non-users.

Results showed that the majority of taxi or rideshare users were white. In Tennessee, 89.9% of
people usig these services were white and 89.5% ofsers were white.

Gender was almost evenly split between taxi and ridesharing users. When comparing users versus
non-users in Tennessee, males tend to use these services more than females (48.5% of males use
compared to 46.5% do not use, while 51.5% of females use these services compared to 53.5% who do
not).

People living in an urban setting were more likely to use taxi or ridesharing than those in a rural
setting. In Tennessee, 81.8% of people who reportedgugirse services were in an urban setting while
60.1% of people who reported not using taxi or rideshare services were in an urban setting.
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Table3-1: How Often Do You Use Taxi Services or Rideshare to Get from Place to Placefoli$iT&bulatiofUnweighted)

Tennessee Census Division 6 National
Never Uses Uses Total Never Uses Uses Total Never Uses Uses Total

Variable Count % Count % Count % Count % Count % Count % Count % Count % Count %

Total 286 100% 99 100% | 385 100% | 853 100% | 247 100% | 1100 100% | 74792 100% | 37017 100% | 111809 100%
1 87 30.4%| 35 354%| 122 31.7%| 260 30.5%| 83 33.6% | 343 31.2%| 22935 30.7%| 11705 31.6% | 34640 31.0%

2 120  42.0%| 34 34.3%| 154  40.0%| 344 40.3%| 96 38.9% | 440 40.0%| 32831 43.9% | 14942 40.4% | 47773 42.7%

3 35 12.2% 18 18.2%| 53 13.8% ] 114 13.4%| 40 16.2% | 154 14.0%| 8738 11.7%| 4916 13.3%| 13654 12.2%

4 31 10.8% 6 6.1% 37 9.6% 95 11.1%| 19 7.7% 114  10.4%]| 6542 8.7% | 3850 10.4%| 10392 9.3%

5 5 1.7% 5 5.1% 10 2.6% 26 3.0% 8 3.2% 34 3.1% | 2503 3.3% | 1177 3.2% 3680 3.3%

Countof 6 6 2.1% 1 1.0% 7 1.8% 8 0.9% 1 0.4% 9 0.8% 810 1.1% 297 0.8% 1107 1.0%
Household 7 1 0.3% 0 0.0% 1 0.3% 4 0.5% 0 0.0% 4 0.4% 272 0.4% 84 0.2% 356 0.3%
Members 8 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 96 0.1% 25 0.1% 121 0.1%
9 1 0.3% 0 0.0% 1 0.3% 2 0.2% 0 0.0% 2 0.2% 34 0.0% 11 0.0% 45 0.0%

10 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 26 0.0% 8 0.0% 34 0.0%

11 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 3 0.0% 1 0.0% 4 0.0%

12 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 0.0% 1 0.0% 2 0.0%

13 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 0.0% 0 0.0% 1 0.0%

0 5 1.7% 5 5.1% 10 2.6% 24 2.8% 18 7.3% 42 3.8% | 1972 2.6% | 2878 7.8% 4850 4.3%

1 88 30.8% | 29 29.3% | 117 30.4%| 256 30.0%| 73 29.6% | 329 29.9%]| 23717 31.7% | 11390 30.8% | 35107 31.4%

2 114  39.9%| 33 33.3% | 147 382%| 323 37.9%| 95 38.5% | 418 38.0%|] 29242 39.1%| 14613 39.5% | 43855 39.2%

3 45 15.7% | 20 20.2%| 65 16.9% | 158 18.5% | 42 17.0%| 200 18.2%| 12421 16.6% | 5269 14.2%| 17690 15.8%

4 14 4.9% 10 10.1% | 24 6.2% 48 5.6% 15 6.1% 63 57% | 4790 6.4% | 1873 5.1% 6663 6.0%

Countof 5 17 5.9% 2 2.0% 19 4.9% 31 3.6% 3 1.2% 34 3.1% | 1617 2.2% 612 1.7% 2229 2.0%
Household 6 3 1.0% 0 0.0% 3 0.8% 9 1.1% 1 0.4% 10 0.9% 605 0.8% 224 0.6% 829 0.7%
Vehicles 7 0 0.0% 0 0.0% 0 0.0% 4 0.5% 0 0.0% 4 0.4% 227 0.3% 88 0.2% 315 0.3%
8 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 102 0.1% 28 0.1% 130 0.1%

9 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 42 0.1% 24 0.1% 66 0.1%

10 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 27 0.0% 6 0.0% 33 0.0%

11 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 12 0.0% 3 0.0% 15 0.0%

12 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 18 0.0% 9 0.0% 27 0.0%

1824 5 1.7% 4 4.0% 9 2.3% 22 2.6% 10 4.0% 32 2.9% | 1114 1.5% | 1073 2.9% 2187 2.0%

2534 25 8.7% 13 13.1%| 38 9.9% 86 10.1% | 41 16.6% | 127 11.5%| 5959 8.0% | 6905 18.7%| 12864 11.5%

Imputed Age 3544 32 11.2% 17 17.2% | 49 12.7%] 105 12.3%| 43 17.4%| 148 13.5%| 7739 10.3%| 6723 18.2%| 14462 12.9%
4554 44 15.4% | 25 25.3% | 69 17.9%| 125 14.7%| 56 22.7%| 181 16.5%| 11502 15.4% | 6990 18.9% | 18492 16.5%

55+ 180 62.9%| 40 40.4%| 220 57.1%| 515 60.4%| 97 39.3%| 612 55.6%| 48478 64.8% | 15326 41.4% | 63804 57.1%
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Table 31: How Often Do You Use Taxi Services or Rideshare to Get from Place to Place? NHTS Cross UatwelmivedO 2 v G A y dzS

Tennessee CensuDivision 6 National
Never Uses Uses Total Never Uses Uses Total Never Uses Uses Total

Category Variable Count % Count % Count % Count % Count % Count % Count % Count % Count %
Total 286 100% 99 100% | 385 100% | 853 100% | 247 100% | 1100 100% | 74792 100% | 37017 100% | 111809 100%
High School Graduate or Less 76 26.6%| 10 10.1%| 86 22.3%| 249 29.2%| 26 10.5% | 275 25.0%| 16095 21.5%| 3109 8.4% | 19204 17.2%
Educational Some College or Associate's Degr| 88 30.8% 20 20.2% | 108 28.1%] 270 31.7% 47 19.0% | 317 28.8% | 25359 33.9%| 8017 21.7%| 33376 29.9%
Attainment  Bachelor's Degree 66 23.1% 38 38.4% | 104 27.0%] 169 19.8% 86 34.8%| 255 23.2% | 17907 23.9% | 12263 33.1%| 30170 27.0%
Graduate or Professional Degree 56 19.6% | 31 31.3%| 87 22.6%] 165 19.3%| 88 35.6% | 253 23.0%] 15431 20.6% | 13628 36.8% | 29059 26.0%
Worker Status Is Employed 138 48.3% 74 T74.7% | 212 55.1%] 419 49.1% | 176 71.3%| 595 54.1% | 37483 50.1% | 25936 70.1% | 63419 56.7%
Is Not Employed 148 51.7%| 25 253% | 173 44.9%| 434 50.9%| 71 28.7%| 505 45.9%] 37309 49.9%| 11081 29.9%| 48390 43.3%
Less than $25,000 66 23.1%| 11 11.1% | 77 20.0%| 226 26.5%| 32 13.0%| 258 23.5%]| 15144 20.2%| 4956 13.4%| 20100 18.0%
$25,000 to $49,999 80 28.0% 21 21.2%| 101 26.2%| 231 27.1% 46 18.6% | 277 25.2% | 19105 25.5% | 5222 14.1%| 24327 21.8%
Household  $50,000 to $74,999 61 21.3% 9 9.1% 70 18.2%] 167 19.6% 40 16.2% | 207 18.8% | 14839 19.8% | 5402 14.6% | 20241 18.1%
Income $75,000 to $99,999 33 11.5% 12 12.1% 45 11.7%] 105 12.3% 29 11.7% | 134 12.2% ] 10223 13.7%| 5108 13.8% | 15331 13.7%
$100,000 to $149,999 34 11.9%| 25 253%| 59 15.3%] 91 10.7%| 59 23.9% | 150 13.6%| 10473 14.0%| 7863 21.2%| 18336 16.4%
$150,000 or more 12 4.2% 21 21.2% 33 8.6% 33 3.9% 41 16.6% 74 6.7% | 5008 6.7% | 8466 22.9% | 13474 12.1%
Hispanic Is Hipanic or Latino 5 1.7% 2 2.0% 7 1.8% 15 1.8% 4 1.6% 19 1.7% | 4868 6.5% | 2750 7.4% 7618 6.8%
Is Not Hispanic or Latino 281 98.3%| 97 98.0%| 378 98.2%] 838 98.2%| 243 98.4%| 1081 98.3%] 69924 93.5% | 34267 92.6% | 104191 93.2%
Pr&zz:‘cc; of Has a Medical Condition 44  154%| 6  61% | 50 13.0%| 111 13.0%| 18 7.3% | 129 11.7%| 8306 11.1%| 2749 7.4% | 11055 9.9%
Condition  No Medical Condition 242  84.6%| 93 93.9% | 335 87.0%| 742 87.0%| 229 92.7%| 971 88.3%| 66486 88.9% | 34268 92.6% | 100754 90.1%
White 256 89.5%| 89 89.9% | 345 89.6%| 706 82.8%| 207 83.8%| 913 83.0%| 63860 85.4% | 30014 81.1% | 93874 84.0%
Bla.ck or . 21 7.3% 7 7.1% 28 7.3% 126 14.8% 27 10.9% | 153 13.9% | 5469 7.3% | 2558 6.9% 8027 7.2%

Race African American

Asian 3 1.0% 1 1.0% 4 1.0% 5 0.6% 2 0.8% 7 0.6% | 1838 2.5% | 2271 6.1% 4109 3.7%
Other 6 2.1% 2 2.0% 8 2.1% 16 1.9% 11 4.5% 27 2.5% | 3625 4.8% | 2174 5.9% 5799 5.2%
Imputed Male 133 46.5% 48 48.5% | 181 47.0%| 364 42.7% | 122 49.4% | 486 44.2% ] 34971 46.8% | 18019 48.7% | 52990 47.4%
Gender Female 153 53.5% 51 51.5% | 204 53.0%| 489 57.3% | 125 50.6% | 614 55.8% | 39821 53.2% | 18998 51.3% | 58819 52.6%
Residential Urban 172 60.1% 81 81.8% | 253 65.7%| 484 56.7% | 204 82.6% | 688 62.5% | 54477 72.8% | 32758 88.5% | 87235 78.0%
Area Type Rural 114 39.9% 18 18.2% | 132 34.3%| 369 43.3% 43 17.4% | 412 37.5% | 20315 27.2% | 4259 11.5%| 24574 22.0%
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Table3-2 presentsthe results of the unweighted cross tabulations for the question y G KS LJ ad on |
YEye GAYSa KI @S @&2dz LIJHz2NOKIF & SR Ilfor edinesSee, £AnSuk Divisiordey | NJIi L
and National.

Of those who reported buying a rideshare ride, eoetwo-person households were most frequent.

In Tennessee, 31.0% of those who purchased a ride were fronpersen households while 17.5% of all
those whohave not purchased a ride were from aperson households.

Similarly, households with fewer vehicles (i.e., zero, one, or two vehicles per household) had higher
percentages who had reported buying a rideshare ride compared to those households that had no
purchased a rideshare ride. For example, in Tennessee, 42.9% of all respondents who have purchased a ride
had two vehicles in their household while 40.3% of those who did not purchase a ride had two vehicles.

The data suggest that people under the age56fwere more likely to purchase a ride using a
smartphone ridesharing app. In Tennessee, 23.8% of those who purchased a ride were 45 to 54 years old
whereas this group represents 17.1% of agsers. This trend continues in Tennessee for the younger age
groups as well: 35 to 44 years old (19.0% have and 11.4% have not purchased a ride); 25 to 34 years old
(21.4% have and 9.9% have not purchased a ride); and 18 to 24 years old (7.1% have and 5.6% have not
purchased a ride). Similar trends appear in both¢basus division and national cross tabulations.

Of those who reported purchasing a ride through a smartphone application, the majority had some
form of higher education. In Tennessee, the most common education levels for those who had purchased a
rideshareNA RS ¢6SNB o0l OKSt 2NN&a RSINBS FyR 3ANIRdzZE S 2NJ LJ
RSINBES 2NJ LINPFSaarazylt RSINBS gla vYzala O02YYzy F2NJ
most common for the National level. For both TennesseeGemkus Division 6, the most common education
level for those who did not purchase a ride was high school graduate or less, and for the National level, the
most common was some college or associate degree.

Between 80band 86% of those who reported purchagia ride were employed. Tennessee had the
highest percentage of employed with 85.7% and had the lowest percentage of employed workers who did
not purchase a ride with 50.9%.

High incomes were common for those purchasing rides through smartphones. In $eangs.2%

(sum of $100,000 to $149,999 and $150,000 or more) of those who purchased a ride have an annual
household income of at least $100,000 compared to 24.2% of those who did not purchase a ride in Tennessee
in these income brackets.

For both Tennesseand Census Division 6, 0.0% Hispanic or Latino respondents reported purchasing
a ridesharing ride. For the National level, 9.6% of those who reported purchasing a ride were Hispanic while
7.9% of those who did not purchase a ride were Hispanic.

Almost dl respondents who purchased a ride with a smartphone did not have a medical condition
that makes it difficult to travel. In Tennessee, 95.2% of those who purchased a ride reported not having a
medical condition while 85.8% of those who did not purchagdedid not have a medical condition.

In Tennessee, the majority of those purchasing a ride were white: 90.5% of people purchasing a ride
were white and 89.0% of people who did not purchase a ride were white.

Gender was almost evenly split for those whed® purchased a ride with a smartphone app. When
comparing those who have and have not purchased a ride in Tennessee, males purchase rides more than
females (44.4% of males have not purchased a ride while 55.6% have not purchased a ride).

People living in an urban setting were more likely to purchase a ride than those in a rural setting. In
Tennessee, 90.5% of people who reported purchasing a ride were from an urban setting while 61.6% of
people who reported purchasing a @dvere from an urban setting.
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Table3-2: In thePast 30Days, How Many Times have you Purchased a Ride with a Smartphone RidegitakHAS Cross Tabulat{mweighted)

Tennessee Census Division 6 us
0Trips 1+ Trips Total 0 Trips 1+ Trips Total 0 Trips 1+ Trips Total
Category Variable Count | % Count | % \ Count | % Count | % Count | % Count | % Count % Count % Count | %

Count of 1 17.5%) 31.0% 140 18.2%) 17.8%) 25 26.6% 18.1%] 36241 17.7% 21.1%| 39814 17.9%
Household 2 323 44.4%) 17 40.5% 340 44.2%] 939  44.4%) 36 38.3% 975 44.1%] 96812 47.2% 7418 43.9%| 104230  46.9%
Members 3 130 17.9%) 8 19.0%) 138 17.9%|] 370 17.5%) 21 22.3% 391 17.7%| 32522 15.8%) 2767 16.4%| 35289 15.9%

4 89 12.2%)| 2 4.8% 91 11.8%| 282 13.3%) 9 9.6% 291 13.2%| 24623 12.0%) 2277 13.5%| 26900 12.1%
5 31 4.3% 2 4.8% 33 4.3% 99 4.7% 3 3.2% 102 4.6% 9689 4.7% 625 3.7%| 10314 4.6%
6 23 3.2% 0 0.0% 23 3.0% 35 1.7% 0 0.0% 35 1.6%) 3290 1.6%, 160 0.9% 3450 1.6%
7 2 0.3% 0 0.0% 2 0.3% 10 0.5% 0 0.0% 10 0.5% 1212 0.6% 45 0.3% 1257 0.6%
8 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%| 472 0.2% 15 0.1% 487 0.2%
9 2 0.3% 0 0.0% 2 0.3% 5 0.2% 0 0.0% 5 0.2% 160 0.1% 13 0.1% 173 0.1%
10 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%| 145 0.1% 1 0.0% 146 0.1%
11 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%| 19 0.0% 0 0.0% 19 0.0%
12 0 0.0%) 0 0.0%) 0 0.0% 0 0.0%) 0 0.0%) 0 0.0%) 11 0.0%) 0 0.0%) 11 0.0%
13 0 0.0%) 0 0.0%) 0 0.0%) 0 0.0%) 0 0.0%) 0 0.0%) 5 0.0%) 0 0.0%) 5 0.0%
Total 727 100.0% 42 100.0% 769 100.09%4 2116 100.0% 94 100.09%¢ 2210  100.0% 205201 100.0% 16894 100.0%| 222095 100.0%)

Count of 0 20 2.8%) 2 4.8% 22 2.9% 68 3.2%) 8 8.5% 76 3.4%) 6417 3.1%) 998 5.9%) 7415 3.3%
Household 1 148  20.4%) 10 23.8%) 158 20.5%] 451 21.3% 22 23.4% 473 21.4%| 46674 22.7% 4509 26.7%| 51183 23.0%

Vehicles 2 293 40.3%) 18 42.9%) 311 40.4%] 855  40.4%) 39 41.5% 894 40.5%] 85341 41.6%) 7248 42.9%| 92589 41.7%

3 147 20.2% 9 21.4%) 156 20.3%| 442 20.9%) 17 18.1%) 459 20.8%| 40161 19.6%) 2583 15.3%| 42744 19.2%
4 56 7.7% 2 4.8% 58 7.5% 153 7.2% 7 7.4% 160 7.2%| 16846 8.2% 1049 6.2%| 17895 8.1%
5 57 7.8%) 1 2.4%) 58 7.5% 99 4.7%) 1 1.1% 100 4.5%) 5962 2.9%) 323 1.9% 6285 2.8%
6 6 0.8% 0 0.0% 6 0.8% 31 1.5% 0 0.0% 31 1.4%, 2272 1.1% 108 0.6% 2380 1.1%
7 0 0.0% 0 0.0% 0 0.0% 17 0.8% 0 0.0% 17 0.8%) 843 0.4% 43 0.3% 886 0.4%
8 0 0.0%) 0 0.0%) 0 0.0%) 0 0.0%) 0 0.0%) 0 0.0%) 341 0.2%) 11 0.1%) 352 0.2%
9 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%| 158 0.1% 8 0.0% 166 0.1%
10 0 0.0%) 0 0.0%) 0 0.0%) 0 0.0%) 0 0.0%) 0 0.0%) 80 0.0%) 7 0.0%) 87 0.0%
11 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%| 42 0.0% 0 0.0% 42 0.0%
12 0 0.0%) 0 0.0%) 0 0.0%) 0 0.0%) 0 0.0%) 0 0.0%) 64 0.0%) 7 0.0%) 71 0.0%
Total 727 100.0% 42 100.0%| 769 100.094 2116 100.0% 94 100.0% 2210  100.0%4 205201 100.0% 16894 100.0%| 222095 100.0%
Imputed Age  18-24 41 5.6% 3 7.1% 44 5.7%) 135 6.4% 9 9.6% 144 6.5% 11298 5.5% 1663 9.8%| 12961 5.8%
2534 72 9.9%) 9 21.4%) 81 10.5% 230 10.9%) 27 28.7%) 257 11.6%|] 22073 10.8%) 5204 30.8%| 27277 12.3%
3544 83 11.4%| 8 19.0% 91 11.8%| 254 12.0%) 20 21.3% 274 12.4%| 24532 12.0% 3585 21.2%| 28117 12.7%
4554 124 17.1%)| 10 23.8%) 134 17.4%| 364 17.2%) 17 18.1%) 381 17.2%| 32316 15.7% 2781 16.5%| 35097 15.8%
55+ 407  56.0% 12 28.6%) 419 54.5%|] 1133  53.5% 21 22.3%| 1154 52.2%| 114982 56.0%) 3661 21.7%| 118643 53.4%
Total 727  100.0% 42 100.0% 769 100.094 2116 100.0% 94 100.09%4 2210  100.0% 205201 100.0% 16894 100.0%| 222095 100.0%)
Educational  High School Graduate] 254  34.9% 3 7.1%) 257 33.4%| 744 35.2%) 9 9.6% 753 34.1%] 53148 25.9%) 1146 6.8%| 54294 24.4%
Attainment | or Less
Some College or 207  28.5% 5 11.9% 212 27.6% 609 28.8% 13 13.8%) 622 28.1%| 63543 31.0% 3205 19.0%| 66748 30.1%
Associate's Degree
Bachelor's Degree 149  20.5%) 17 40.5% 166 21.6%] 393 18.6%) 33 35.1% 426 19.3%| 47367 23.1% 6445 38.1%| 53812 24.2%
Graduate or 117 16.1% 17 40.5% 134 17.4% 370 17.5%) 39 41.5% 409 18.5%| 41143 20.1%) 6098 36.1%| 47241 21.3%
Professional Degree
Total 727 100.0% 42 100.0% 769 100.094 2116 100.0% 94 100.09%9 2210 100.09%4 205201 100.0%) 16894 100.0%| 222095 100.0%
Worker Status Is Employed 370  50.9% 36 85.7% 406 52.8%] 1077  50.9%) 77 81.9%| 1154 52.2%] 109899 53.6%) 13625 80.6%| 123524 55.6%
Is Not Employed 357  49.1%) 6 14.3%) 363 47.2%] 1039  49.1%) 17 18.1%| 1056 47.8%] 95302 46.4%) 3269 19.4%| 98571 44.4%
Total 727 100.0% 42 100.0% 769 100.094 2116 100.0% 94 100.0%| 2210  100.0% 205201 100.0% 16894 100.0%| 222095 100.0%)
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Table 32: In the Past 30Days, How Many Times have yBurchased a Ride with a Smartphone Rideshap?&ross Tabnweighted-O2 y (i A y

Tennessee Census Division 6 us
0 Trips 1+ Trips 0 Trips 1+ Trips 0 Trips 1+ Trips
Category Variable Count | % Count \ % Count \ % Count \ % Count \ % Count \ % Count \ %
Household  Less than $25,000 132 18.2% 4 9.5%) 136 17.79%q 452 21.4% 12 12.8%) 464 21.0%|] 33567 16.4% 1355 8.0%| 34922 15.7%
|
neome $25,000 to $49,999 181  24.9% 5 11.9%) 186 24.29 502  23.7% 10 10.6%) 512 23.2%| 43757 21.3%) 1756 10.4%| 45513 20.5%
$50,000 to $74,999 151  20.8% 7 16.7%) 158 20.599q 410 19.4%) 22 23.4%) 432 19.5%|] 37971 18.5%) 2064 12.2%| 40035 18.0%
$75,000 to $99,999 87 12.0% 2 4.8% 89 11.6% 292 13.8%) 2 2.1% 294 13.3%|] 29778 14.5% 2194 13.0%| 31972 14.4%
$100,000 to $149,999 120 16.5% 11 26.2%) 131 17.09 310 14.7%) 28 29.8%) 338 15.3%|] 35971 17.5% 3870 22.9%| 39841 17.9%
$150,000 or more 56 7.7%)| 13 31.0% 69 9.0% 150 7.1% 20 21.3%) 170 7.7%] 24157 11.8% 5655 33.5%| 29812 13.4%
Total 727 100.0% 42 100.0% 769 100.099 2116 100.0% 94 100.0%| 2210/ 100.0% 205201 100.0%| 16894 100.0%| 222095 100.0%)
Hispanic Is Hispanic or Latino 10 1.4% 0 0.0% 10 1.3% 40 1.9% 0 0.0% 40 1.8%) 16212 7.9% 1623 9.6% 17835 8.0%
Is Not Hispanic or 717 98.6% 42 100.0% 759 98.79% 2076 98.1% 94 100.09%4 2170 98.2%] 188989  92.1% 15271 90.4%| 204260  92.0%
Latino
Total 727 100.0% 42 100.0% 769 100.09q 2116 100.0% 94 100.0%| 2210/ 100.0% 205201 100.0%| 16894 100.0%| 222095 100.0%)
Presence of Has a Medical 103 14.2% 2 4.8% 105 13794 290 13.7% 5 5.3% 295 13.3%] 23022  11.2% 518 3.1%| 23540 10.6%
Medical Condition
Condition No Medical Condition 624  85.8% 40  95.2%) 664 86.3% 1826  86.3%) 89 94.7%| 1915 86.7%] 182179  88.8% 16376 96.9%| 198555  89.4%
Total 727 100.0% 42 100.0% 769 100.09q 2116 100.0% 94 100.09% 2210/ 100.0% 205201 100.0%| 16894 100.0%| 222095 100.0%)
Race White 647  89.0% 38 90.5% 685 89.199 1777  84.0%) 78 83.0%| 1855 83.9%] 170257  83.0% 13378 79.2%| 183635  82.7%
Black or African 56 7.7% 2 4.8% 58 7.5% 270 12.8%) 10 10.6%) 280 12.7%| 14780 7.2% 1044 6.2%| 15824 7.1%
American
Asian 8 1.1% 2 4.8% 10 1.3% 17 0.8% 3 3.2% 20 0.9%| 8648 4.2% 1321 7.8% 9969 4.5%
Other 16 2.2% 0 0.0% 16 2.1% 52 2.5% 3 3.2% 55 2.5%| 11516 5.6% 1151 6.8%| 12667 5.7%
Total 727 100.0% 42 100.0% 769 100.09q 2116 100.0% 94 100.0%| 2210/ 100.09% 205201 100.0% 16894 100.0%| 222095 100.0%)
Imputed Male 323 44.4% 21 50.0% 344 44.7% 951  44.9%j 50 53.2%| 1001 45.3%] 95265  46.4% 8601 50.9%| 103866  46.8%
Gender Female 404 55.6% 21 50.0% 425 55.3%) 1165  55.1%) 44 46.8%| 1209 54.7%] 109936  53.6% 8293 49.1%| 118229  53.2%)
Total 727 100.0% 42 100.0% 769 100.099 2116 100.0% 94 100.0% 2210/ 100.0% 205201 100.0%| 16894 100.0%| 222095 100.0%)
Resilential  Urban 448  61.6% 38 90.5% 486 63.299 1223  57.8%) 86 91.5%| 1309 59.2%| 154178  75.1% 15803 93.5%| 169981  76.5%
Area Type  Rural 279  38.4% 4 9.5% 283 36.8% 893  42.2%) 8 8.5% 901 40.8%] 51023 24.9%) 1091 6.5%| 52114 23.5%
Total 727 100.0% 42 100.0% 769 100.00/4 2116 100.0% 94 100.09%) 2210 100.0% 205201 100.0%| 16894 100.0%| 222095 100.0%)
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3.2.3 NHTS.ogit Model ResultéJnweighted)

Binary logit models for both the taxi/ridesharing use and ridesharing app usage questions were estimated.
First, tree models were run for the use of taxi and ridesharing services NHTS question. The responses to
this question were formulateds a binary variable (1 = use taxi/ridesharing services and 0 = does not use
taxi/ridesharing services). Model 1 used Tennessee respondents, Model 2 used respondents from Census
Division 6, and Model 3 ad all respondents (National). Thesults areshownin Table3-3.

For all three models, household size has a negative, significant coefficient, sug¢festing the
household size increases, the probability that the person will use taxi or ridesharing services will decrease.

For number of household vehicles, the coefficient is negative for all three models (TN, Census
Division, and US) but is only sigrafit at the census division and national level.

The imputed age variable was evaluated with a reference group of 18 to 24 years old. The
preliminary results show that all other age groups are less likely to use taxi or ridesharing services.
However, all ge variables are significant for Model 3 (US) while the only significant age group for Model
2 (Census Division) is 55 and older.

The coefficients for the educational attainment variables were all positive when a reference group
of high school graduate ¢ess was used. This suggests that higher education results in a higher probability
of using taxi or ridesharing services. The coefficients for all education levels were found to be significant
Ay a2RSf o 0! {0 YR (KS Onéadrativatk/Fofessionafdrgide wered | OK S
found to be significant in Model 2 (Census Division).

The employment variable was found to be positive and significant in all three models. This suggests
that being employed will increase the probability that someavikk use a taxi or ridesharing.

For household income, a reference of less than $25,000 annual income was used. In Tennessee
(Model 1), incomes of $100,000 to $149,999 and $150,000 or more were found to be positive (1.4314 and
2.3986, respectively) andggiificant. Similarly, these income groups and $75,000 to $99,999 were found
to be positive and significant in Model 2 (Census Division). In Model 3 (US), all income groups greater than
$50,000 were positive and significant. These results suggest that@saérevel increases, the probability
that someone will use a taxi or ridesharing service increases.

Being of Hispanic or Latino origin was found to be significant and slightly positive with a value of
0.0692 in Model 3. Likewise, the coefficient for taagho have a medical condition which makes travelling
difficult was found to be positive and significant for Model 3.

PAAY3a a20KSNE Fa I NBFSNBYyOS F2NJ GKS NI OS OF GS3
decrease the probability of usingwti or ridesharing services. This is significant for white in Model 3 and
for black in Models 2 and 3.

The imputed gender variable suggests that females are slightly less likely to use taxi or ridesharing
than males but is only significant for Model 3.

For all three levels, an urban setting was positive (ranging from 0.7220 to 0.9855) and significant.
This suggests that people living in an urban area are more likely to use taxi or ridesharing compared to
those living in a rural setting.

The goodness oitfin these models is moderate; the pseudo rbguared values range from 0.1552
to 0.1992.
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Table3-3: NHTS Taxi or Ridesharing QaeestionBinary Logit Models

Variable Model 1 Model 2 Model 3
Tennessee Census Division € National
Household Size -0.2675* -0.2655%** -0.2030***
Number of Household Vehicles -0.2654 -0.4448*** -0.2320***
IAge” (Reference: 184 years old)
2534 -0.5875 -0.0431 -0.1380***
3544 -0.4054 -0.4307 -0.5081***
4554 -0.5109 -0.1542 -0.8635***
55+ -1.1639 -0.9545** -1.3775%**
Educational Attainment (Reference: High School Graduate or Less)
{2YS /2t1t838 2NJ ! aa20AF3E8Qa 5 0.1981 0.1986 0.3128%+*
. OKSt 2NR&a 5S3INBS 0.6015 0.8607*** 0.6986***
Graduate Degree or Professional Degree 0.3916 0.7355** 0.8530***
Employed (Reference: Not Employed) 0.6159* 0.3915* 0.2923***
Household Income (Reference: Less than $25,000)
$25,000 to $49,999 0.4516 0.3308 -0.1891*+*
$50,000 to $74,999 -0.3465 0.3372 0.0654**
$75,000 to $99,999 0.6410 0.6360* 0.4081***
$100,000 to $149,999 1.4314** 1.5256*** 0.8439%**
$150,000 or more 2.3986*** 2.3558%** 1.7033**
Hispanic or Latino (Reference: Not Hispanic) -0.0119 -0.1182 0.0692**
Has Medical Condition (Reference: No Medical Condition) -0.1374 0.0444 0.2372%*
Race (Reference: Othgr
White -0.0861 -0.6626 -0.3000***
Black or African American -0.5321 -1.0272** -0.201 1%
Female” (Reference: Male) -0.0189 -0.2690 -0.0560***
Urban (Reference: Rural) 0.8483* 0.9855*** 0.7220***
Constant -0.9708 -0.5023 -0.2818***
Number of Observations 385 1,100 111,809
LR chi2 85.44 233.45 22035.20
Prob > chi2 0.0000 0.0000 0.0000
Psaido R2 0.1947 0.1992 0.1552
Log likelihood -176.74828 -469.13416 -59973.99

Note: The raw (unweighted) NHTS data was used to estimate these models.

Three models were run for the use of smartphone applications to purchase a ridesharanii¢he
results areshown inTable3-4. Model 4 used Tennessee respondents, Model 5 used respondents from
Census Division 6, and Model 6 usddrespondents (US). For all three models, household size has a
negative, significant coefficient, suggesting that as the household size increases, the probability that the
person will purchase a ride using a ridesourcing app will decrédlsmwise, thenumber of household
vehicles has a negative, significant coefficient for all three models (Tennessee, Census Division and US).

The 55 and older age group is the only significant coefficient in all three models. The age group 45
to 54 years old is sigrafnt in Models 5 and 6 and the remaining age groups being significant in Model 6.
These preliminary results suggest that, compared to 18 to 24 years old, all other age groups are less likely
to purchase a ride through a smartphone application.

The coeffiants for the educational attainment variable were all positive when a reference group
of high school graduate or less was used. This suggests that higher education results in a higher probability
of purchasing a ride using a ridesharing app. The coeffgien all education levels were found to be
AAIAYAFAOLYG FT2NJa2RSt ¢ 6!'{0 YR GKS O28FFAOASY (4
to be significant in Models 4 and 5 as well.

The employment variable was found to be positive and sinifiin all three models. This suggests
that being employed increas¢he probability that someone will purchase a ride using a ridesharing app.

For household income, a reference of less than $25,000 was used. A household income of $150,000
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or more was fond to be positive and significant in all three models. This suggests that as income level
increases, the probability that someone will purchase a ride using a ridesharing app increases.

The coefficient for Hispanic or Latino origin was omitted for bbthTennessee and census division
level. This occurred because all Hispanic/Latino responses were responded the same way for those two
guestions. In Model 6 (US), the coefficient for being of Hispanic or Latino origin was found to be positive
(0.2448) andignificant.

The coefficient for those who have a medical condition which makes travelling difficult was found
to be negative and significant in Model 6. This is the opposite results from what was found in the
taxi/ridesharing use question models. For thgi/rideshare question, the value is 0.2372 in Model 3 while
the value for the rideshare app usage questiordi2948 in Model 6. This may be explained by people
with medical conditions choose to use a taxi instead nfleshare.

LAAY 33 a2 0 ErénbEfor théirack catdddry, Model 6 (US) suggests that being white will
decrease the probability purchasing a ride. The imputed gender variable in Model 6 (US) suggests that
females are slightly less likely to purchase a rideshare than males.

For all thee models, an urban setting was positive (ranging from 1.0393 to 1.5096) and significant.
This suggests that people living in an urban area are more likely to purchase a ride from a ridesharing app
compared to those living in a rural setting.

The goodnes of fit is moderate; the pseudo rksguared values range from 0.2054 to 0.2700.

Table3-4: NHTS Ridesharing App Us@aeestionBinary Logit Models

Variable Model 4 Model 5 Model 6
Tennessee Census Division € National
Household Size -0.5398** -0.3437*** -0.3292***
Number of Household Vehicles -0.4116* -0.3960** -0.2601***
IAge” (Reference: 184 years old)
2534 -0.3775 -0.2144 -0.3174%*
3544 -0.6461 -0.7024 -0.8824***
4554 -1.1155 -1.3117%** -1.4195%**
55+ -1.6618** -2.0085*** -2.2402%*
Educational Attainment (Reference: High School Graduate or Less)
{2YS /2tt838 2NJ ! 3a20A1G5Q4 5 0.2352 0.2174 0.5933%*
. OKSt 2NR&a 5S3INBS 1.1843* 1.1170% 1.1291 %+
Graduate Degree or Professional Degree 1.3347* 1.3882*** 1.1671***
Employed (Reference: Not Employed) 0.9911* 0.6107* 0.4089***
Household Income (Reference: Less than $25,000)
$25,000 to $49,999 -0.2197 -0.7338 -0.0689*
$50,000 to $74,999 0.3680 0.2664 0.1838***
$75,000 to $99,999 -0.6203 -1.8728** 0.4771%**
$100,000 to $149,999 1.1221 0.6829 0.8750***
$150,000 or more 1.8892** 1.2169** 1.7259%*
Hispanic or Latino (Reference: Not Hispanic) (omitted) (omitted) 0.2448***
Has Medical Condition (Reference: No Medical Condition) 0.1893 0.0257 -0.2948***
Race (Reference: Other)
White -0.8240 -0.2715 -0.0677***
Black or African American -1.4348 -0.5087 0.0284
Female” (Reference: Male) -0.2267 -0.3472 -0.1676***
Urban (Reference: Rural) 1.4141* 1.5096*** 1.0393***
Constant -1.8848 -2.3158*** -2.3586***
Number of Observations 759 2,170 222,095
LR chi2 87.68 202.88 24550.27
Prob > chi2 0.0000 0.0000 0.0000
Pseudo R2 0.2700 0.2621 0.2054
Log likelihood -118.5398 -285.57928 -47480.813

Note: The raw (unweighted) NHTS data was used to estimate these models
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3.3Conclusions and Future Research from the NHTS Analysis

To summarize the result§able3-5 compares the findings of the literature review with the significant
socioeconomic variables of the taxi and ridesharing frequency of useiguestd the ridesharing app
usage question from #812017 NTHS datat. The results of the modeenerallyalign with the literature

for six significant socioeconomic variables (age, income, educational attainment, employment status,
number of household JgEcles, and residential area type) at all three levels (state, division and national).
However, there are some variables that are only significant at the nationalitegeime of the models,

such assome age groups education, and number of vehicles inetthousehold A key finding of this
analysis is that the demographic trends are not as easily identifiable for the state of Tennessee as
compared to the Census Division or National model results. Therefdd#jonalanalysis of rideshare
users in Tennesg is deemed necessary to better understand demographics trends, which will be the
focus of the next chapter.

Table3-5: Comparson of NHTS Model Results with Literature Review Results

Demographic

Literature Review

Taxi/Ridesharing Frequency of Use

Ridesharing App Usage

Variable Results Model Results Model Results
. I . 55 and older is negative and significan
. . Age is not signitant in Tennessee.
Ridesourcing users . . .. | for all models.
Age 55 and older is negative and significal o o
tend to be younger I Additional age groups are significant f
for Census Division 6 and US. e
Census Division 6 and US.
Ridesourcing users Positive and significant coefficients fo Positive and significant coefficient for
Income tend to have a higher | $100,000 to $149,999 and $150,000 9
) $150,000 or more for all models.
income more for all models.
Education is not significant in
Ridesourcing users Tennessee.
Educational g ust Bachelor's and Graduate Degrees arg Bachelor's and Graduate Degrees are
. tend to have a higher - oo . -
Attainment . positive and significant fa€ensus positive and significant for all models.
education S
Division 6.
All are significant foUS.
Employment | Ridesourcing users Employed coefficient is positive and | Employed coefficient is positive and
Status tend to be employed | significant for all models. significant for all models.
Households vehicles is not significant
Ridesourcing users in Tennessee. Number of household vehicles
Household . . . S
: tend to have fewer Number of household vehicles coefficient is negative and significant f
Vehicles . o . N
vehicles coefficient is negative and significant | all models.
for Census Division 6 and US.
Residential Ridesourcing users Urban area coefficient is positive and| Urban area coefficient is positive and
tend to be urban S o
Area Type dwellers significant for all models. significant for all models.

Notes:Models 1 and 4 represent Tennessee, Models 2 and 5 represent Census Division 6, and Modelse3anith€US.
Bold denotes significant differences.

Last, here aresomeareas for improvement and future research that emerged from ¢hipter.
In order to improvehe summary statistis for the state level, it would be necessary to create weitgtdas
represent the population as a wholgince the NHTS data only weightedthe Census Division level. The
weighted summary statistics for Census Division 6 and Nationaldateecan be found in the Appendix
For future researchyeights could beestimatedfor Tennessee or any other staté would also be
interesting to compee the responses of the 2017 NHTS ttwfa NHTS data to see if there arleangesin
who is using ridesharing or if there is an increase in frequency of use of ridesharing in which case this
model would not have to be binary (use or not use).
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4 Survey of Rlehailing Userand NonUsersin Tennessee

This chapter provides a detailed analysis of survey data collected in four major metropolitan areas of
Tennessee for this research project in partnership with the company Populus Technologies, Inc. Before
procedling, it should be noted that the survey discussed in this chapter used the term rideloailithg
guestionnaire and therefore,this chapter uses the term ridehailing for consistendye chapter is

organized as follows: first, theurvey data and methamlogyare described. Then, the detailed results of

0KS adz2NWSe INB LINBaASYyiSR® .laSR 2y (KS&S NBadzZ dazx
users and nowusers is proposed. This chapter ends with conclusionsaesas for future research.

4.1 Tennessee Surveyataand Methodology

The dataset for this project comes from a survey administered by the company Populus Technologies, Inc.
between May and September of 2019, prior to the COl8pandemiqPopulus Technologies, 2020)

total, 1,000 people from the three largest metropolitan areas in Tennessee (Knoxville, Memphis, and
Nashville) were surveyed. The dataset was weighted based on age, income, gender, race, and
Hispanic/Latino origin based on 2017 American Community eBufACS) -year counts to be
representative at the metropolitan level. In total, 996 respondents were weighted; the remaining four did
not answerall these socioeconomic questions and were therefore excluded from the weighting process.
The remainder of tlichapterfocuses o these 996 weighted responses, and the breakdown by metro
area can be seen the followingFigure4-1. Of the 996 respondents, 207ane from Knoxville (21%), 330

(3399 were from Memphisand459 respondents were from Nashville (46%).

Metro Areas (Weighted, N=996)

Data Source: Populu
m Knoxville = Memphis Nashville Technologies, Inc.

Figure4-1: Survey Respondents by Metro Area

The survey dataset included 494 different variables, with the majority relating to socioeconomic
characteristics of the respondents, attitudes of the respondents, ridehailing travel behavior
characteristicsreasons for not using ridehailing, and a fewerttopicsthat can be found in the Appendix
such as questions asking if respondents had ever driven for a ridehailing comyanl of the
subsequent analysis focuses on a single survey gquestion that assesses ridehailing familiarity and adoption
and was sed to categorize respondents into group$is ridehailing familiarity and adoptiajuestion
was posed as followsAre you aware of appased ordemand ride services such as Uber or Lyft? Please
select the option that best applies to yéiThere were five potential answers that could be selected:
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1. Yes, | use them while traveling in/faround the city

2. Yes, | use them only when traveling away for business or vacation

3. ,Sasx KIFE@S NARRSY Ay (GKSY gA0GK TNphéhgRa 2

4, . S&a3y KSIFINR 2F (GKSYX o0dzi KIFI@SyQi dzaSR (G(KSY

5. No, never heard of them

The methodology used to analyze the survey datariefly described in the following paragraphs
First, summary statistics were calculated for the survey questions pertaining to three categories:
socioeconomics, attitudinal questions, and neighborhood questions. Socioeconomic questions included
things such as age, race, income, and household siziéudMial questions explored topics such as
willingness to adopt new technologies, the desire to drive less, and opinions about transit service.
Neighborhood preference questions considered topics such as the importance of having restaurants
within walkingdistance of home, limited traffic on the streets near the home, and personal outdoor space.
Summary statistics were calculated for the entire sample (N=996) as well as for the five ridehailing
adoption and familiarity groups.

Next, two additional sets ofurvey questions were explored to provide additional insights into
different market segments. The first of these was a series of travel behavior survey questions for the user
groups about their most recent ridehailing trip. The second questions were askbd nonuser group
to explore their reasons for not using ridehailing.

Last, some of the survey data wersed in a multivariate analysis. Numerous multinomial logit
models were estimated, and one of the preferred model specifications is presentédsineport. The
dependent variable for this model was the familiarity and adoption of ridehailing question. While the
original question had five groups for the ridehailing familiarity and adoption question, this was condensed
into four groups for the anals by combining those who have heard of but never used ridehailing and
those who have never heard of ridehailing, since the latter group had a very small sample size (N=18). The
independent variables that were considered for this model included socioeaimneariables, attitudinal
variables, and neighborhood preferences. All models were estimated using ST{&IadACorp, 2019)

The results are presented in the following section

4.2 Results of the Survey for Tennessee
This section presents the results of the survey datalysis for Tennessee. Itis divided into seven
subsections, beginning with thresults of the ridehailing familiarity and adoption survey question.

4.2.1 Resultof the Ridehailing Familiarity and Adoption Survey Question

As seen ifrigured-2, 20% (205 respondents) used ridehailing when traveling in/around the city, and 14%
(141 respondents) used ridehailing only when traveling away for business or vacation. Another 13% (126
respondents) used ridehailing before, but only wihends or family. Additionally, 51%, or 505
respondents, had heard of ridehailing but never used it and 2%, or 17 respondents, had never heard of
ridehailing. This question will be the basis of the subsequent analyses in this paper to explore thetdifferen
demographic and travel behavior characteristics of these groups.
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Ridehail Adoption (weighted, N = 996)

h

4

B Yes, | use them while traveling in/around the
city

B Yes, | use them only when traveling away for
business or vacation

. Yes, have ridden in them with friends or
family, but don’t have the apps on my phone

. Yes, heard of them, but haven’t used them

B No, never heard of them

Data Source: Populus Technologies, Inc.
Note: Figure adapted from Crossland,
Brakewood& CherrydFour Types of
Ridesourcing Users? A Proposed Typology
Ridesourcing Using Survey Data from
Tennessee

Figure4-2: Ridehailing Familiarity and Adoption Gtien

This question w&s then analyzed by metro area, and the results are showigire4-3. Ofthe 207
survey respondents from Knoxville, 77 respondents (38%) used ridehailing services in some form. This
includes 26 respondents (13%) who used ridehailing in their city, 21 respondents (10%) who used
ridehailing while traveling, and 30 respondent&%d) who only used ridehailing with friends or family.
Ridehailing services were used in some way by 143 of the 330 survey respondents from Memphis (44%).
This includes 54 respondents (17%) who used ridehailing in their city, 49 respondents (15%) who used
ridehailing while traveling, and 40 respondents (12%) who only used ridehailing with friends or family. Of
the 459 survey respondents from Nashville, 248 (54%) used ridehailing services in some form. This
includes 124 respondents (27%) who used ridehailingheir city, 70 respondents (15%) who used
ridehailing while traveling, and 54 respondents (12%) who only used ridehailing with friends or family.

Knoxville (weighted, N=207)

Memphis (weighted, N=330)

e

Nashville (weighted, N=459)

B VYes, | use them while traveling in/around the city

B VYes, | use them only when traveling away for business or vacation

Data Source: Populus
Technologies, Inc.

. No, never heard of them

. Yes, have ridden in them with friends or family, but don’t have the apps on my phone
. Yes, heard of them, but haven’t used them

Figure4-3: Ridehailing Familiarity and Adoption Question by Metro Area



4.2.2 Results of th&ocioeconomic Survey Questions
As seen in the following three figures, the survey respondents were asked a series of socioeconomic
guestions. Each of the socioeconomitestions is shown for the entire sample (N=996), and then broken
into smaller groups based on the responses to the ridehailing familiarity and adoption question discussed
in the previous section

Figured-4 includes responses to socioeconomic questions relating to the respondent alone while
the questions in

Figure4-5 pertain to the householdFigure4-6 shows results of questions pertaining to the
responSy 1 Qa oFyl1AYy3a YR aYINILK2yS dzal3So

The first question in
Figure4-4 pertains to age. The results reveal that 45% of those who used ridehailing in their city were 34
years old or younger, 17% (34 of 205) were in the 18 to 24 years old age range, and anotk®8 28%
205) were 25 to 34 years old. At the other end of the spectrum, 45% (226 of 506) of those who had heard
of but never used ridehailing were 55 years old or older.

The second questiomsks about race. Sixtyine percent (141 of 205) of those whased
ridehailing in their city identified as white. Meanwhile 53% of those who have used ridehailing with friends
or family identified as a minority; 36% (45 of 126) were black or African American and an additional 17%
(21 of 126) identified as another narity.

In the overall sample, gender was fairly evenly split; 51% of respondents were female and the
remaining 49% were male. Males were more likely to use ridehailing only when traveling (61% of this
group, or 86 of 141). Sixtwo percent (77 of 126) athose who only used ridehailing with friends or
family were female.

Respondents were asked to specify the highest education level they completed, and the results
were relatively evenly distributed overall. The group with largest proportion of higheratidncwas
0K2aS 6K2 dzaSR NARSKIAfAY3 6KSYy GNI @St Ay3a 0Opy>
degree and 23% (33 of 141) with a graduate or professional degree.

For the overall sample and many of the sydoups, about twethirds of the sample size was
employed while the remaining third was not. However, for those who had heard of but never used
ridehailing, 50% (253 of 506) of respondents were employed and the other 50% (253 of 256) were not
employed.

The last questiopertains to thedisability status of the respondent. For all groups, the majority of
respondents claimed not to have a disability. The group with the largest amount of disabled people was
those who have heard of but never used ridehailing with 22% (111 of 506). Thikerayesult of
respondents feeling that a ridehailing vehicle would not be equipped to transport them properly.
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Note: All percentages are rounded to the nearest whole number; this may result in percentages not adding to 100%
All values less than 2% are not shown on graph
Figure adapted from Crossland, Brakew@&o@herrydFour Types of Ridesourcing Users? A Proposetb@ydor Ridesourcing Using Survey Data from Tenned3a&a Source: Populus Technologies, In

Percent

Figure4-4. Ridehailing User Socioeconomic Questions Part 1
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The first question pertaining to househatfiaracteristics in

Figured-5 wasabout the size of the household. Sittyo percent of those who used ridehailing in their
city either lived alone (21%, 44 of 205) or with one other person (41%, 84 of 205).

Respondents ere also asked about their annual household income. Teigit percent of those
who used ridehailing in their city had an annual household income of $75,000 or more, with 9% (19 of
205) having an income of $75,000 to $99,999, 17% (35 of 205) having@nerof $100,000 to
$149,999, and 12% (25 of 205) having an income of $150,000 or moreweifpercent of those who
used ridehailing when traveling have an annual household income of $75,000 or more, with 9% (13 of
141) having an income of $75,000 to9%999, 23% (32 of 141) having an income of $100,000 to
$149,999, and 20% (28 of 141) having an income of $150,000 or more. Of those who had heard of but
never used ridehailing, just 26% of respondents had an annual household income of $75,000 or more
with 9% (48 of 506) having an income of $75,000 to $99,999, 11% (58 of 506) having an income of
$100,000 to $149,999, and 6% (32 of 506) having an income of $150,000 or more.

Ten percent (20 of 205) of those who used ridehailing in their city reported thgtdbenot have
a car, which is higher than the four percent of the overall sample size. Of those who used ridehailing
when traveling, 66% had at least two vehicles with 40% (57 of 141) having two vehicles, 21% (30 of 141)
having three cars, and the remaiis% (8 of 141) having four or more vehicles in their household.

Respondents were also asked how many other members of their household had a license. The
responses were fairly similar across the different groups.

The final question relating to househdiactors pertained to location. Respondents were asked
for their zip code, and this was then used to group them by urban versus rural areas. The urban
classification was created by the authors based on the zip code provided by the respondent and
comparingtito the TIGER 2010 Shape{Westat, 2020)If there was anubanized area or urban cluster
within the zip code, the entire zip code was considered urban. In all groups, the large majority of
respondents live in an urban area. However, the highest number of rural respondents were in the group
that had heard of but ever used ridehailing with 11% (57 of 506).
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Fiaure adapted from Crossland. Brakew8o@herrnvd-our Tvpes of Ridesourcina Users? A Proposed Tvpoloav for Ridesourcina Usina Survev Data fror. TataeSseece: Populus Technoloaies. In

Figure4-5: Ridehailing User Socioeconomic Questions Part 2
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